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SUMMARY 

The following document outlines a set of attributes and survey methods that can be used to support 

the design, management, and monitoring of process based riverscape restoration projects. The 

approach draws heavily on the conceptualization of low-tech process-based restoration (LT-PBR) 

practices presented by Wheaton et al. (2019) and operationalizes those ideas through development of 

a unified framework for consistently documenting and presenting restoration information throughout 

a project lifespan. The protocol has been developed with the following intent: 

¶ Present an accessible and flexible set of design attributes and monitoring survey protocols that 
can be consistently applied to the design, implementation, and monitoring of LT-PBR projects. 

¶ Develop a flexible data collection and management solution that encourages adoption of the 
survey protocols by a diverse set of restoration practitioners and that supports common tasks 
in proposal development, permit acquisition, and fulfillment of land management agency 
monitoring and reporting requirements. 

¶ Advance the science and art of LT-PBR practices by encouraging the adoption of a standardized 
design, monitoring, and approach for the calculation and interpretation of summary metrics 
that describe project outcomes and effectiveness. 

May 7th, 2020 

  

http://lowtechpbr.restoration.usu.edu/manual/
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1 INTRODUCTION 

This protocol was developed in response to a growing trend within stream and riparian restoration to 

utilize structures that mimic the form and function of beaver dams (i.e., beaver dam analogs, BDAs) 

and woody debris accumulations (i.e., post assisted log structures, PALS). The restoration approach 

involves the strategic introduction of these structural elements using a design intended to amplify 

natural hydrologic, geomorphic, and biological processes that accelerate stream recovery trajectories. 

Fundamentally, the approach follows the tenants of process ς based restoration outlined by (Beechie 

et al. 2010), tenants of ecological restoration proposed by Palmer et al. (2005) and its extension as Low 

ς Tech Process ς Based Restoration (LT-PBR) by Wheaton et al. (2019) that emphasized the use of 

structural treatments that can be built by hand. 

The application of LT-PBR gained broad appeal within the aquatic ecosystem restoration community 

throughout the western US during the early 2000s. Unlike more traditional restoration that relies on 

engineering plans and heavy construction equipment (i.e., excavators, skid-steer, etc.) to impose 

channel and floodplain restoration designs, LT-PBR ultimately defers design decisions to the 

characteristics and limitations set by individual riverscapes. Thus, the approach reduces design and 

implementation costs and allows ƴŀǘǳǊŀƭ ǎǘǊŜŀƳ ǇǊƻŎŜǎǎŜǎ ǘƻ Řƻ ƳǳŎƘ ƻŦ ǘƘŜ ǊŜǎǘƻǊŀǘƛƻƴ άǿƻǊƪέ. By 

minimizing economic and ecological risks associated with stream and riparian restoration design and 

implementation, LT-PBR seeks to enable the restoration community to address aquatic resource 

degradation at large spatial scales. 

Ultimately, LT-PBR practices are intended to invoke a more resilient riverscape, capable of maintaining 

a diverse and self-sustaining set of fluvial and riparian processes that benefit aquatic and terrestrial 

resources and the fish, wildlife, and people that rely on them. As a novel restoration target, the 

creation of self-sustaining processes presents a new set of challenges; not only for defining and 

framing restoration objectives, but also for the development of survey protocols and indicator metrics 

that can be used to gauge project effectiveness and quantify project outcomes. This protocol 

represents one step toward meeting these challenges. Following the precedence set by LT-PBR 

practices, the protocol aims to be an accessible and economical tool that facilitates the widespread 

implementation of river restoration efforts. 

1.1 PROTOCOL SCOPE AND ORGANIZATION 

Throughout their lifespan, ecosystem restoration projects are inherently complex; each requiring 

different phases of planning, prioritization, design, permitting, and coordination of implementation 

actions. In many cases the selection of monitoring surveys, data collection and summarization 

procedures, and calculation of metrics that might indicate project progress and/or effectiveness also 

https://academic.oup.com/bioscience/article/60/3/209/257006
https://academic.oup.com/bioscience/article/60/3/209/257006
https://doi.org/10.1111/j.1365-2664.2005.01004.x
http://lowtechpbr.restoration.usu.edu/manual/
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play a critical role in successful project execution. Given these complexities, this protocol represents an 

attempt to support a consistent and efficient approach to the design, implementation, monitoring, and 

reporting of LT-PBR projects and project outcomes. 

The protocol consists of three primary components that include 1) a PROJECT DESIGN AND IMPLEMENTATION 

FRAMEWORK that outlines project organization and a core set of project design attributes; 2) a series of 

MONITORING SURVEYS capable of generating a diversity of metrics describing project outcomes and 

effectiveness; 3) a DATA COLLECTION AND MANAGEMENT solution that supports consistent information 

capture. 

TABLE 1. MAJOR COMPONENTS THAT MAKE UP THE LT-PBR IMPLEMENTATION AND MONITORING PROTOCOL AND A 

DESCRIPTION OF THE PRIMARY FUNCTION, INTENDED USE CASES, AND TARGET USERS SPECIFIC TO EACH COMPONENT. 

COMPONENT 
           DESIGN AND 

           IMPLEMENTATION  

            MONITORING SURVEY 

            PROTOCOLS 

            DATA COLLECTION AND 

            MANAGEMENT 

FUNCTION 

Project organization using core 
set of attributes describing 
design, objectives, and 
structure specification. 

Series of monitoring surveys 
capable of generating a 
diversity of metrics describing 
ecological outcomes and 
project effectiveness.  

Complete data collection and 
management solution 
supporting consistent 
information capture. 

APPLICATION 

Iterative process intended to 
be edited and updated with 
new information throughout 
the lifespan of a project. 

Repeat monitoring surveys at 
discrete survey events 

Used throughout design 
development, 
implementation, field data 
collection, or report 
preparation. 

TARGET USERS 

Requires understanding of the 
restoration design. Project 
managers, restoration 
designers, or construction 
foreman. 

Accessible to individuals with a 
reasonable understanding of 
fluvial dynamics and 
taxonomy. Summer research 
technician or a community 
volunteer. 

All protocol users at 
appropriate application. 

 

1.1.1 RESTORATION PRIORITIZATION AND PLANNING 

Prioritization (i.e., where to implement restoration) and planning (i.e., appropriateness of restoration 

actions) are critical steps in any restoration project that are largely beyond the scope of this protocol. 

Rather, this protocol is intended to explicitly support the management, implementation, and 

monitoring of low-tech process-based restoration projects, and assumes that areas targeted for 

restoration actions have been prioritized by regional land and habitat management planning 

documents or watershed assessments plans. An abundance of resources exist that can assist with 

restoration project planning, some of which have an explicit focus on process ς based restoration 

actions, including: 
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¶ Chapter 3: Planning for Low-Tech Process-Based Restoration in the Low ς Tech Process ς 
Based Restoration of Riverscapes Design Manual (Wheaton et al. 2019) offers a focused 
treatment of processed ς based restoration planning considerations with an emphasis on the 
use of hand ς built artificial structures. 

¶ River Restoration Analysis Tool (RiverRAT) developed by NOAA Fisheries provides a 
comprehensive framework for considering the risks and impacts associated with riverine 
habitat restoration largely within the context of salmon and trout habitat. 

1.1.2 PROJECT DESIGN AND IMPLEMENTATION 

The Project Design approach presented in section 3 presents a framework and core set of attributes 

used to capture and convey project components including the documentation of objectives, 

implementation timelines, structure design, construction, and maintenance specification. Unlike many 

stream habitat or riparian condition survey protocols, the project design component of this protocol 

acts as an iterative project management solution that will be edited and updated throughout the 

lifespan of a project. For example, the framework can be used during initial inception to generate 

preliminary material and cost estimates and can also be used during opportunistic field visits to 

develop maintenance plans, collect repeat photos, or document concerns with fish passage. Unlike the 

Monitoring Survey Protocols described in section 4, the project management protocol is primarily 

aimed at users with a thorough understanding of the restoration design and context for restoration 

objectives. This would include those individuals carrying the title of project manager, restoration 

designer, or construction manager, and that are tasked with long-term project oversight. 

1.1.3 MONITORING SURVEYS PROTOCOLS 

Obviously, a single protocol does not exist that would be capable of capturing the diversity of 

ecological and practical outcomes that might be initiated as a result of stream and riparian restoration 

actions. However, the monitoring surveys included within this protocol have been designed to 

generate a series of metrics indicative of restoration outcomes that include: 

¶ STRUCTURE SURVEY ς A field survey designed to document the characteristics, dynamics, and 
distribution of natural and artificial structural elements (i.e., beaver dams and woody debris 
jams), and generate metrics describing structure function and potential risks (e.g., fish passage 
concerns). 

¶ CHANNEL SURVEY ς A field survey designed to document the characteristics, dynamics, and 
distribution of geomorphic habitat units and generate metrics describing process ς based 
restoration effectiveness and in-channel habitat quantity and quality (i.e., complexity). 

¶ REMOTE RIVERSCAPE SURVEY ς A desktop workflow designed to quantify valley bottom dynamics 
and composition, including vegetation community composition, floodplain connectivity, and 
habitat quantity from aerial imagery. 

https://www.researchgate.net/publication/332304801_Chapter_3_-_Planning_for_Low-Tech_Process-Based_Restoration
https://www.webapps.nwfsc.noaa.gov/apex/f?p=275:1:
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The monitoring surveys, described in greater detail within section 4 - Monitoring Survey Protocols, are 

included within the protocol as optional project components. The surveys are optional in that 

practitioners need only implement those survey protocols that align with their project objectives, or 

where capacity of the coordinating agency can support monitoring activities. However, when 

implemented together the monitoring survey metrics provide multiple lines of evidence that can be 

used to describe restoration effectiveness and progress toward project objectives. 

Unlike the project management protocol components, the monitoring surveys do not require an in-

depth knowledge of the project design or detailed context for restoration objectives. The surveys are 

intended to be accessible to those individuals with a reasonable understanding of fluvial dynamics and 

taxonomy such as a summer research technician or a community volunteer. 

1.1.4 DATA COLLECTION AND MANAGEMENT APPLICATION 

The protocol framework is designed with a complementary database application capable of supporting 

the collection, management, export, and summarization of project management and monitoring 

survey information (Figure 1). In its current iteration the database has been built in Filemaker Pro, as 

this platform delivers a number of features that allow rapid development of a rich data collection and 

management application, including: 

¶ MULTI-PLATFORM SUPPORT ς A single database file can be used across Mac and Windows 
operating systems and used in the field on iPad and iPhone mobile devices. 

¶ OFFLINE SUPPORT ς Full data access in remote locations lacking data connectivity. 

¶ PHOTO CAPTURE AND STORAGE ς Field capture of photos directly into mobile devices and desktop 
photo import and export. 

¶ COORDINATE CAPTURE ς Field capture of latitude and longitude using GPS enabled mobile devices. 

¶ CUSTOM MAPPING ς Geographic visualization of project and restoration structures location data 
from within the application. 

¶ RICH DATA EXPORT ς Data export in common tabular formats (i.e., .csv, .xlsx), and generation and 
export of standardized PDF reports. 

A series of instructional videos covering the operation and features of the database application should 

also be considered an important component of this protocol. 

 

https://www.filemaker.com/
http://fmltpbr.riverscapes.xyz/Learn
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FIGURE 1. EXAMPLE OF THE PROJECT MANAGEMENT DATABASE APPLICATION (V 1.0.0). THE APPLICATION IS DESIGNED FOR 

USE ON DESKTOP COMPUTERS AS WELL AS MOBILE DEVICES (I.E., IPHONE AND IPAD) AND FACILITATES DATA CAPTURE, 
MANAGEMENT, SUMMARIZATION, AND REPORTING. 

1.2 LT-PBR PROJECT ORGANIZATION 

This protocol organizes LT-PBR project information according to a scale-dependent spatial hierarchy, 

which allows design, maintenance, and monitoring information to be specified and summarized at a 

spatial resolution that is both practical and efficient. From large to small, the spatial organization 

framework consists of: 

¶ PROJECTS ς a set of restoration actions covered under a specific set of permits and/or funding 
sources. Projects consist of one or more restoration treatment reaches (Figure 3). 

¶ REACHES ς linear segments of the river network delineated to serve as the primary unit of 
management within a restoration project. A single reach will ideally share typical valley and/or 
channel characteristics (i.e., valley bottom width, level of incision, valley gradient, ecosystem 
impairment) and restoration objectives (Figure 3). Reaches generally will contain multiple 
structure complexes. 
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¶ COMPLEXES ς a cluster or group of restoration structures (i.e., wood structures and/or beaver 
dam analogs) designed to work together to mimic and/or promote specific processes in 
support of local objectives (Figure 2). The term comes from the concept of a beaver dam 
complex consisting of a mosaic of beaver dams and ponds capable of rearranging entire valley 
bottoms. 

¶ STRUCTURES ς the smallest spatial unit of an LT-PBR project refers to structural elements 
introduced to the riverscape designed to mimic the form and function of beaver dams (i.e., 
BDAs) and woody debris accumulations (i.e., PALS). 

 

FIGURE 2. EXAMPLE OF A STRUCTURE COMPLEX OF 5 BEAVER DAM ANALOGS (BDA) DESIGNED TO WORK IN CONCERT TO 

ACHIEVE A SPECIFIC GEOMORPHIC OR HYDROLOGIC OBJECTIVE. 






































































































